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Abstract—In the competitive market and globalization
phase, industries are required to manufacture good quality
machine tools with optimized performance at the moderate cost.
Moreover, the industries are facing competition internationally
due to worldwide globalization of business. This work aims to
reduce the error called ovality in the turned work piece. The
work piece is a clutch component used for the clutch assembly.
For the clutch to work perfectly, it is required for its component
to be precise and error free. The machining parameters like
cutting speed, feed rate and depth of cut are taken as input
parameters and the ovality as output response. Response surface
methodology is used for the optimization of process parameters.
The most significant process parameter causing the ovality has
been found. The other attempts like balancing of the work piece
and radiography of the work piece is done to solve the problem
which is causing the ovality. The centrifugal force analysis of
the component is carried out using finite element analysis.
Index Terms Turning Operation, Ovality, Response Surface
Methodology, Optimization.
I. INTRODUCTION
AT present manufacturing industries facing competitionsdue to the globalization of business. It is required to
produce the quality product with precision and to be supplied
to the customer at the right time. Moreover the quality of
the job produced on the machines depends on the quality
and performance of the machine. The industries like RBD
engineers manufacture precision clutch components. The
clutch components are used in the Automobiles, which has
to be very precise and accurate in Dimensions. In addition
these clutch components are manufactured in lots. Therefore
the production of these components has to be done at faster
rate with higher precision. The accuracy of the components is
in microns; therefore the manufacturing processes have to be
done very precisely.
Novag et al. [1] Investigated that the turning of bearing
rings often leads to undesired form and dimensional changes
after heat treatments which are referred to as distortion. In
order to investigate the influence of cutting parameters on
distortion, external longitudinal turning experiments were
conducted. After machining the ring geometry circumference
were measured. Suleyman et al.[2] investigated the influence
of tool geometry on the surface finish obtained in turning
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Fig. 1. Work piece having Ovality
of AISI 1040 steel using response surface methodology
(RSM). The results indicated that the tool nose radius was
the dominant factor on the surface roughness. Palanikuma
et al.[3] made an attempt to model the surface roughness
using response surface method (RSM) in machining glass
fiber reinforced plastic composites. Four actors five level
central composite, rotatable design matrix is employed to
carry out the experimental investigation. Analysis of variance
(ANOVA) is used to check the validity of the model. Carrino
et al. [8] presented the model to estimate the diametrical
error in the turning operations. In this paper the ovality is
considered as the variable. During machining, the Effects of
the rotational speed, feed rate and depth of cut on ovality
is studied. Mathematical model has been developed for the
ovality incorporating rotational speed, depth of cut and feed
rate as variables. Also the force analysis of workpiece has
been done with the help of ANSYS workbench.
II. EXPERIMENTATION
A. Experimental Setup
The workpiece has error called ovality on its diameter is
shown in figureI. Workpiece has Ovality between 3 m to 19
m in machined component.
The part is hold in the collet as shown in Fig I. A collet is a
holding device that forms a collar around the object to be held
and exerts a strong clamping force on the object when it is
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Fig. 2. Collet chuck
Fig. 3. 2-point contact measuring instrument
tightened, usually via a tapered outer collar. It is used to hold
workpiece or tool. Collet has one or more cuts along its length
to allow it to expand and contract. This type of chuck provides
strong clamping force, speedy chucking, and self centering.
The part is machined on the CNC Lathe machine and ovality
is measured by the instrument as shown in FigureIII.
B. Radiographic Test
The reason for doing radiographic test is to check defects
inside the casting. Defects inside the casting like shrinkage,
porosity and inclusion may cause the work piece to rotate in
improper manner due to the uneven mass distribution in casting
component at high speed. These defects might be causing
the ovality while rotating the part on the CNC machine for
turning operation. The weight of the ribs might be changed due
to shrinkage, which will make the part to rotate improperly.
These are the possibilities which can be checked by doing this
radiographic test. Four parts are tested radio graphically as
shown in figure4 and figure5.
Fig. 4. Radiography of part 1 and part 2
Fig. 5. Radiography of part3 and part4
Figures 4 and 5 shows the tested four parts, and it is seen that
there isn’t any defects like shrinkage, porosity and inclusion.
Components are defect free from casting point of view.
C. Balancing of the Work piece
Balancing of the work piece is done to check whether the
part is rotating about the center axis. The part has to rotate
around center axis. If it is rotating out while turning operation
then it will affect the finishing and accuracy of the work
piece. The work piece has ribs on both the side symmetrically,
therefore it is possible that one of the ribs has less weight
compare to the other rib, which might cause the unbalancing
of the work piece.
The unbalancing might be caused by the improper pattern
or by using the grinder on work piece for removing the waste
chips or burrs for the finishing purpose. This can create the
weight difference of the ribs, and machining of this work piece
with this difference will cause the diametrical error. The two
parts are checked on the balancing machine. The two parts
which has been checked are unbalanced. The difference of
weight on the either side of the work piece is from 40 to
50 grams, which for the work piece requiring the accuracy in
microns is enough to cause dimensional error.
D. 3-point contact measuring instrument
The 3-point contact measuring instrument, which is another
type of ovality measuring instrument, in which the part is
measured between the 3 points, is shown in fig. 6.
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Fig. 6. 3-point contact ovality measuring instrument
For measurement the work piece is put between the 3 points.
The two points are resting pins and one is the measuring tip.
The work piece is rotated on its center, and through the tip the
dimensional measurement is taken from the dial gauge with
accuracy of 1-Micron.The resting pins are totally grinded, and
both the pins have same dimension. These pins are made of
hard steel, which will not be affected by the continuous contact
of the work piece with it while measuring. The bed on which
these pins are fitted is also grinded, so that any error of the
measuring instrument does not come into the work piece.
If the instrument itself has errors, then that error will come to
the work piece. For that instrument has to be precise, accurate
and error free. In 3-point contact measuring instrument the
whole circumference of the work piece is measured. For
measuring the ovality the difference on diameters are checked
on the whole circumference. The work piece is rotated on
the instruments bed between three points and the reading is
taken from the dial gauge. The work piece is rotated 2-3 times
and the maximum and minimum diameter is noted and the
difference between these diameters is taken as ovality.
In 3-point contact measuring instrument the center of the cir-
cular work piece is fixed. But in the 2-point contact measuring
instrument the center of the work piece is not in fix manner.
For accurate measurement of circular part the center of the
work piece has to be fixed, because the radius is measured
from the center.
E. Investigation of Collet chuck
The collet chuck used for clamping the work piece is shown
in figure 7.The collet chuck is investigated for reasoning of the
ovality error. From figure 8 it is seen that bolt has marks on its
taper surface. These marks are produced due to the improper
clamping of the work piece by the Collet chuck.
F. Force Analysis of Work piece
The force analysis has been carried out to find out the
deformation of work piece under the centrifugal force. The
centrifugal force is calculated for the analysis of the work
piece using ANSYS workbench. The forces are applied from
the center of the work piece. The analysis showed that when
Fig. 7. Collet chuck and Taper bolt
Fig. 8. Taper Bolt
the force is applied on the work piece the resulting deforma-
tion is very less. The maximum value of the deformation is
0.00001679 mm as shown in fig. 9.The analysis results showed
that there is no effect of centrifugal forces on the work piece.
1) Centrifugal Force Calculation: Error: Reference source
not found = 526.71 N
where, F = Centrifugal force [N], r = Radius [m] = 0.07890
m, N = Rotational speed [RPM] = 600 RPM, m = Mass [kg]
= 1.69 kg, ω = Angular velocity[rad/sec] = 2 N/60 rad/sec =
62.83 rad/sec,
G. Experimental Design using Response Surface Methodology
In the turning operation there are many factors and ma-
chining parameters which might be causing the errors in the
working component. There are many factors like clamping
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Fig. 9. Force Analysis
method, measuring method or machining parameters. In the
present study it was necessary to choose a reasonable set of
factors to be varied in the experiment. While a smaller set of
factors would give a simpler model, a larger number give the
model more predictive power. From the literature review [1]
the predominant factor which are having significant effect on
the dimensional error are identified. They are as follow:
• Depth of cut
• Cutting speed
• Feed rate
Total 20 experiments have been conducted with 3 levels
using central composite design in order to study the influence
of the parameters at different levels. The expression for the
second order central composite design is given by equation
below:
Y = β0 +
k∑
i=1
βtXt +
k∑
i=1
βtX
2
t +
∑
i<j
∑
βijXiXj +  (1)
where Y is ovality, while Xi are the factors. The expression
contains linear terms in Xi, Quadratic terms in XiXi and
Product terms in XiXj. The terms βi, βj and βij are constant
coefficients and is the random error.
Statistical analysis of the experimental results is carried out
by analysis of variance (ANOVA). Anova is a computational
technique that enables the estimation of the relative contribu-
tion of each of the control factor that makes to the overall
measured responses and expresses it as a percentage. Anova
uses a mathematical technique known as sum of squares to
quantitatively examine the deviation of the control factor re-
sponse average from the overall experimental mean responses,
which is referred to as the variation between the control factors.
The significance of the individual and interaction effects is
quantified by comparing the variance between the control
factor effects against the variance in the experiment data due
to random experimental error.
TABLE I. PARAMETERS LEVELS
SR. NO. PARAMETERS UNIT LEVELS[-1] [0] [+1]
1 FEED RATE (FR) mm/rev 0.100 0.150 0.200
2 DEPTHOF CUT (DOC) mm 0.150 0.200 0.250
3 CUTTINGSPEED (CS) mm/min 100 150
TABLE II. DESIGN MATRIX
EXP NO. FEED RATE
[mm/rev]
DEPTH OF CUT
[mm]
CUTTING
SPEED
[mm/min]
1 [-1] [-1] [-1]
2 [+1] [-1] [-1]
3 [-1] [+1] [-1]
4 [+1] [+1] [-1]
5 [-1] [-1] [+1]
6 [+1] [-1] [+1]
7 [-1] [+1] [+1]
8 [+1] [+1] [+1]
9 [-1] [0] [0]
10 [+1] [0] [0]
11 [0] [-1] [0]
12 [0] [+1] [0]
13 [0] [0] [-1]
14 [0] [0] [+1]
15 [0] [0] [0]
16 [0] [0] [0]
17 [0] [0] [0]
18 [0] [0] [0]
19 [0] [0] [0]
20 [0] [0] [0]
In statistics the coefficient of multiple correlations or the
coefficient of multiple determinations, R-square gives infor-
mation about the goodness of fit of a model. It is statistical
measure of how well the regression line approximates the real
data points. R-square can also be interpreted as the propor-
tionate reduction in error in estimating the dependent while
knowing the independents. Although there are no rules for
determining the correlation strength, in general the following
guidelines are considered [5].
• For values of R-square 0.9 to 1.0 the correlation is very
strong.
• For values of R-sqr 0.7 to 0.9 the correlation is strong.
• For values of R-sqr 0.3 to 0.7, the correlation is moder-
ate.
• For values of R-sqr less than 0.3 the correlation is weak.
III. PARAMETRIC ANALYSIS
A. Modeling of Ovality
Ovality model has been obtained by analyzing the data and
is given by,
Ovality = (14.95451.8000FR+ 142.72DOC − 0.180CS
181.81FR ∗ FR− 181.81DOC ∗DOC+
0.00061CS ∗ CS − 8.31e− 14FR ∗DOC − 0.100FR∗
CS − 5.04e− 16DOC ∗ CS)
(2)
To analyze the data, the checking of goodness of the
fit of the model is required. The model adequacy checking
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TABLE III. OUTPUT RESPONSE
EXP NO. FEED RATE
[mm/rev]
DEPTH OF
CUT [mm]
CUTTING
SPEED
[mm/min]
Ovality [mi-
cron]
1 0.100 0.150 100 5 µm
2 0.200 0.150 100 8 µm
3 0.100 0.250 100 21 µm
4 0.200 0.250 100 18 µm
5 0.100 0.150 200 8 µm
6 0.200 0.150 200 5 µm
7 0.100 0.250 200 28 µm
8 0.200 0.250 200 15 µm
9 0.100 0.200 150 18 µm
10 0.200 0.200 150 16 µm
11 0.150 0.150 150 8 µm
12 0.150 0.250 150 13 µm
13 0.150 0.200 100 14 µm
14 0.150 0.200 200 19 µm
15 0.150 0.200 150 13 µm
16 0.150 0.200 150 18 µm
17 0.150 0.200 150 15 µm
18 0.150 0.200 150 15 µm
19 0.150 0.200 150 12 µm
20 0.150 0.200 150 16 µm
TABLE IV. ANOVA [BEFORE ELIMINATION]
SOURCE DF Seq SS Adj SS Adj MS F P
Regression 9 538.21 538.21 59.802 9.12 0.001
Linear 3 412.60 137.533 13.92 13.92 0.000
Square 3 59.61 59.61 19.871 0.67 0.080
Interaction 3 66.00 66.00 22.00 0.05 0.063
Residual
Error
10 65.54 65.54 6.554
Lack of
Fit
5 42.70 42.70 8.541 1.87 0.254
Pure
Error
5 22.83 22.83 4.567
Total 19 603.75
includes test for significance of the regression model, test for
significance on model coefficient and test for lack of fit. For
this purpose, analysis of variance is performed and is given in
table IV.
The model is adequate and it has many terms and can be
simplified by eliminating the terms which are less significant
based on the F-values presented. Terms with P values more
than 0.05 are eliminated from the model and model is reana-
lyzed for the adequacy.
The ANOVA for the reduced quadratic model for ovality is
shown in table III and table V. The modified model of ovality
is therefore given by,
Ovality = ( 15.600 1.8000 FR + 6.10 DOC 0.900 CS 2.70
TABLE V. ANOVA [AFTER ELIMINATION]
SOURCE DF Seq SS Adj SS Adj MS F P
Regression 7 515.05 515.05 73.579 9.95 0.000
Linear 3 412.60 412.60 137.533 18.61 0.000
Square 1 36.45 56.45 36.45 4.93 0.046
Interaction 3 66.00 66.00 22.00 2.98 0.074
Residual
Error
12 88.70 88.70 7.93
Lack of
Fit
7 65.86 65.86 65.86 9.41 2.06
Pure
Error
5 22.83 22.83 4.567
Total 19 603.75
Fig. 10. Surface Plot of Ovality vs Depth of cut and Cutting speed
Fig. 11. Contour Plot of Ovality vs Depth of cut and Cutting speed
DOC * DOC 2.000 FR * CS 0.5 DOC * CS ). The ANOVA of
reduced model indicates that the model is significant as R-sqr
statistics is 85.31
IV. RESULTS AND DISCUSSION
The effects of machining process parameters like cutting
speed, feed rate and depth of cut on ovality are studied. They
are presented graphically from the Fig. 10 to Fig. 18.
A. Effect of Cutting speed and Depth of cut on Ovality
The figures 10 and 11 shows the effect of depth of cut
and cutting speed on ovality while keeping feed rate con-
stant.Surface plot shows that as the depth of cut is increased,
ovality is also increased. This is due to increase in cutting
force. With increase in cutting speed, ovality is increases
gradually but increase is less than depth of cut. This may be
good quality of the casting and hence less unbalancing forces
acting during higher rotational speed. Contour plot shows that
if the depth of cut is kept 0.150 mm and cutting speed is kept
in range of 120 to 160 mm/min the ovality will be inside 5
microns.
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Fig. 12. Surface plot of Ovality vs Feed rate and Cutting speed
Fig. 13. Contour plot of Ovality vs Cutting speed and Feed rate
B. Effect of Cutting speed and Feed rate on Ovality
The figure 12 and 13 shows the effect of feed rate and
cutting speed on ovality while keeping depth of cut constant.
Surface plot shows that changing the cutting speed and feed
rate , there is minor change in the ovality.
C. Effect of Depth of cut and Feed rate on Ovality
The figure 14 and 15 shows the effect of depth of cut and
feed rate on ovality while keeping cutting speed constant.
Surface plot shows that as the depth of cut is increased the
ovality is also increased, and with the increment of feed
rate after 0.15 mm/rev ovality is slightly increasing but not
significantly. Contour plot shows that if the depth of cut is
kept 0.150 mm and feed rate kept in range of 0.130 to 175
mm/rev the ovality will be inside 5 microns.
Fig. 14. Surface plot of Ovality vs Feed rate and Depth of cut
Fig. 15. Contour plot of Ovality vs Feed rate and Depth of cut
D. Effect of Feed rate on Ovality
The effect of feed rate on ovality is shown in figure 16. In
this graph the cutting speed and depth of cut is kept constant
and the feed rate is varied. It is seen from the graph that as
the feed rate increases, the ovality decreases this may be due
to less heat is generated during cutting. At higher feed rate
less heat is generated and hence plastic deformation will take
place at higher stress which reduces the ovality.
Fig. 16. Effect of Feed rate on Ovality
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Fig. 17. Effect of Cutting speed on Ovality
Fig. 18. Effect of Depth of cut
E. Effect of Cutting speed on Ovality
The effect of cutting speed on ovality is shown in fig 17.
In this graph the feed rate and depth of cut is kept constant
and the cutting speed is varied. It is seen from the graph that
till the 0.150 mm/min cutting speed the ovality is decreasing,
but after that ovality is increasing with the increase of cutting
speed.
F. Effect of Depth of cut
The effect of depth of cut on ovality is shown in figure 18.
In this graph the feed rate and cutting speed is kept constant
and the depth of cut is varied. It is seen from the graph that
ovality is increasing with the increase of depth of cut. This
might be happening due to the lower wall thickness of the
workpiece. Turning the workpiece at higher depth of cut will
cause the vibration. The vibration might cause the diametrical
error.
V. CONCLUSION
• Experimental results shows that ovality is highly de-
pends on the depth of cut as compared to feed rate and
cutting speed. With increase in depth of cut more force
is exerted on the workpiece which increase an ovality.
At higher feed rate less heat is generated and hence
plastic deformation will take place at higher stress which
reduces the ovality. Cutting speed and feed rate are less
sensitive to ovality compated to depth of cut.
• The balancing of the workpiece is done. The difference
of weight on the either side of the workpiece is from
40 to 50 grams, which for the work piece requiring
the accuracy in microns is enough to cause dimensional
error.
• The force analysis of workpiece has been done with the
help of ANSYS. The results showed that there isn’t any
deflection of the workpiece when the centrifugal force
is applied.
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